EP 2 088 794 A1

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 2 088 794 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
12.08.2009 Bulletin 2009/33

(21) Application number: 07830774.1

(22) Date of filing: 29.10.2007

(51) IntCl.:
H04Q 7/22 (0000.00)
H04Q 7/38 (0000.00)

HO04B 7/26 (2006.01)

(86) International application number:
PCT/JP2007/071040

(87) International publication number:
WO 2008/053844 (08.05.2008 Gazette 2008/19)

(84) Designated Contracting States:
AT BE BG CHCY CZDE DK EE ES FI FR GB GR
HUIEISITLILT LU LV MC MT NL PL PT RO SE
SISKTR

(30) Priority: 31.10.2006 JP 2006297052
(71) Applicant: NTT DoCoMo, Inc.

Chiyoda-ku
Tokyo 100-6150 (JP)

(72) Inventors:
* IWAMURA, Mikio
Tokyo 100-6150 (JP)
¢ |SHII, Minami
Tokyo 100-6150 (JP)

(74) Representative: HOFFMANN EITLE
Patent- und Rechtsanwiilte
ArabellastraBBe 4
81925 Miinchen (DE)

(54)

(57)  Disclosed user equipment performs intermittent
reception in a different frequency from a frequency of a
serving cell belonging to a current radio access network
or in a different radio access network from the current
radio access network. The user equipment includes a
receiving unit for receiving and demodulating a control
signal and a cell search unit for performing a cell search
in a specified frequency. When a release signal is re-
ceived, the user equipment switches to a preliminary in-
termittent reception mode where the receiving unit inter-
mittently receives the control signal in the serving cell
and the cell search unit performs the cell search in the
different frequency or the different radio access network
between intermittent reception timings. Then, the user
equipment switches to a normal intermittent reception
mode where the receiving unit intermittently receives the
control signal in the different frequency or the different
radio access network.
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Description

TECHNICAL FIELD

[0001] The present invention generally relates to the
field of mobile communications. More particularly, the
present invention relates to user equipment used in a
mobile communication system and a method used in the
user equipment.

BACKGROUND ART

[0002] In the field of mobile communications, technol-
ogies enabling handover between radio access networks
or mobile communication systems using the same or dif-
ferent radio access technologies (RATs) have been pro-
posed. Such technologies, for example, enable user
equipment, after completing a call in a radio access net-
work, to enter a standby mode in a different radio access
network. This in turn makes it possible to distribute the
load of a radio access network to other radio access net-
works when the radio access network becomes congest-
ed and thereby makes it possible to increase the total
capacity and throughput of the radio access networks.
[0003] FIG. 1 shows handover between radio access
networks and mobile communication systems using the
same or different RATSs. In this example, a third genera-
tion system (3G-RAT system) including radio access net-
works using a first frequency f; and a second frequency
f, and a second generation system (2G-RAT system)
using a third frequency f3 coexist in the same geograph-
ical area. Examples of the 2G-RAT system include GSM
and PDC systems. In FIG. 1, when user equipment UE
completes a call using the first frequency f;, the user
equipment UE enters a standby mode in the second fre-
quency f, or the 2G-RAT system.

[0004] FIG.2shows handover between systems using
different RATs. In FIG. 2, user equipment UE switches
from an active mode to an idle mode after completing a
call. When the user equipment UE completes a call (S1),
a base station of a serving cell (in this example, a base
station eNB in the 3G-RAT system) sends a radio re-
source control (RRC) release signal indicating release
of a connection to the user equipment UE (S2). In re-
sponse to the RRC release signal, the user equipment
UE returns an RRC release complete signal (S3). As a
result, the connection is released. When the user equip-
ment UE is to stand by in a different frequency or a dif-
ferent RAT system, the user equipment UE searches for
a destination cell (performs a cell search) in the different
frequency or the different RAT system. An instruction or
redirection information indicating the different frequency
or the different RAT system in which the user equipment
UE is to perform the cell search is sent from the base
station together with the RRC release signal or at a dif-
ferent timing. When the destination cell is determined,
the user equipment UE receives, for example, broadcast
information from the destination cell and sends a location
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areaupdate request (S5). As aresult, the user equipment
UE is registered in a location area of the different RAT
system (S6). The location area may also be called a track-
ingarea (TA) oraroutingarea (RA). Then, the user equip-
ment UE intermittently monitors a paging channel in the
destination cell (in this example, a cell in a GSM system)
and waits for an incoming call (S7). Technologies relating
to handover between networks or systems using the
same or different RATs are described, for example, in
3GPP TS25.331 and 3GPP TS25.304.

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] Inthe example shown in FIG. 2, the user equip-
ment UE cannot receive incoming call notification during
a period D between a time when the connection is re-
leased and a time when the user equipment UE is reg-
istered in the location area of the destination cell because
the user equipment UE is not connected to any cell during
the period D. This may happen during handover between
systems using different RATs as well as between net-
works using the same RAT but different frequencies. The
period D during which the user equipment UE cannot
receive incoming call notification corresponds to a period
of time necessary for the cell search. If the cell search
takes a long time, the period D increases and the user
may suffer inconvenience.

[0006] One object of the present invention is to at least
reduce a period of time during which user equipment can-
not receive incoming call notification in a case where the
user equipment, when receiving a release signal indicat-
ing release of a connection in a current radio access net-
work, goes into a standby mode in a frequency different
from that of a serving cell or in a different radio access
network.

MEANS FOR SOLVING THE PROBLEMS

[0007] An aspect of the present invention provides us-
er equipment that performs intermittent reception in a
different frequency from a frequency of a serving cell be-
longing to a current radio access network or in a different
radio access network from the current radio access net-
work. The user equipment includes a receiving unit con-
figured to receive and demodulate a control signal and
a cell search unit configured to perform a cell search in
a specified frequency. When a release signal indicating
release of a connection in the current radio access net-
work is received, the user equipment switches to a pre-
liminary intermittent reception mode where the receiving
unit intermittently receives the control signal in the serv-
ing cell and the cell search unit performs the cell search
in the different frequency or the different radio access
network between intermittent reception timings. Then,
the user equipment switches to an intermittent reception
mode where the receiving unit intermittently receives the
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control signal in the different frequency or the different
radio access network.

ADVANTAGEOUS EFFECT OF THE INVENTION

[0008] Anaspectofthe presentinvention makes it pos-
sible to at least reduce a period of time during which user
equipment cannot receive incoming call notification in a
case where the user equipment, when receiving a re-
lease signalindicating release of a connectioninacurrent
radio access network, goes into a standby mode in a
frequency different from that of a serving cell or in a dif-
ferent radio access network.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a drawing illustrating handover between
mobile communication systems using different
RATSs;

FIG. 2 is a drawing used to describe a problem in
the related art;

FIG. 3 is a schematic block diagram illustrating user
equipment according to an embodiment of the
present invention;

FIG. 4 is a flowchart showing an exemplary process
according to an embodiment of the present inven-
tion; and

FIG. 5 is a drawing used to describe a variation of
an embodiment of the present invention.

EXPLANATION OF REFERENCES

[0010]

302 Antenna

304  Duplexer

306  Receiving unit

308  L1/L2 control signal processing unit
310  RRC processing unit

312 Control unit

314 Measuring unit

316  Transmitting unit

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] According to an embodiment of the present in-
vention, user equipment switches to a preliminary inter-
mittent reception mode for intermittently receiving a con-
trol signalin aserving cellwhenreceivingan RRC release
signal. The user equipment performs a cell search in a
different frequency or a different radio access network
between intermittent reception timings. Then, the user
equipment switches to a normal intermittent reception
mode for intermittently receiving a control signal in the
different frequency or the different radio access network.
With this configuration, the cell search is performed while
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the user equipmentis connected to the serving cell. Thus,
this configuration substantially prevents a situation
where the user equipmentis not registered in any location
area during a connection process to a destination cell
and makes it possible to send incoming call notification
to the user equipment without interruption.

[0012] The release signal may include timing informa-
tion indicating intermittent reception timings in the pre-
liminary intermittent reception mode, duration informa-
tion indicating duration of the preliminary intermittent re-
ception mode, and number-of-times information indicat-
ing the number of times the control signal is received
intermittently.

[0013] The release signal may also include frequency
information indicating a different frequency or standby
information necessary for the user equipment to stand
by in a different radio access network.

[0014] Further, the release signal may include identi-
fication information of a location area of a cell using the
different frequency or a cell in the different radio access
network where the user equipment is to stand by.
[0015] The frequency information indicating the differ-
ent frequency or the standby information necessary for
the user equipment to stand by in the different radio ac-
cess network may be included in broadcast information
of the serving cell.

[0016] The user equipment may be configured to
switch to the normal intermittent reception mode for in-
termittently receiving a control signal in the different fre-
quency or the different radio access network if the pre-
liminary intermittent reception mode continues longer
than a predetermined period of time.

[0017] An intermittent reception interval in the prelim-
inary intermittent reception mode is preferably shorter
than an intermittent reception interval in the normal in-
termittent reception mode.

[0018] Although the present invention is described be-
low in different embodiments, the distinctions between
the embodiments are not essential for the presentinven-
tion, and the embodiments may be implemented individ-
ually or in combination.

<FIRST EMBODIMENT>

[0019] FIG. 3 is a drawing illustrating user equipment
according to an embodiment of the present invention.
FIG. 3 mainly shows functional elements of the user
equipment that are relevant to this embodiment. As
shownin FIG. 3, the user equipmentincludes an antenna
302, aduplexer 304, areceiving unit 306, an L1/L2 control
signal processing unit 308, an RRC processing unit 310,
a control unit 312, a measuring unit 314, and a transmit-
ting unit 316.

[0020] The duplexer 304 is connected to the antenna
302 used both for transmission and reception and prop-
erly switches the paths to and from the antenna 302 for
transmitted and received signals.

[0021] The receiving unit 306 appropriately processes
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a received radio signal and extracts a lower-layer control
signal (L1/L2 control signal), a reference signal (pilot sig-
nal), a data signal, and so on from the received radio
signal when the user equipmentis in an active mode. For
brevity, functional elements related to data signals are
omitted in FIG. 3. When the user equipment is in an idle
mode, the receiving unit 306 receives a control signal at
intermittent reception timings. Intermittent reception in-
formation (DRX information) including the intermittent re-
ception timings, an intermittent reception interval, and
duration of intermittent reception may be provided from
the control unit 312 to the receiving unit 306 or may be
predetermined in the system. In this embodiment, as de-
scribed later, preliminary intermittent reception is per-
formed before the connection is released and normal in-
termittent reception is performed in a different frequency
or a different radio access network after the connection
is released.

[0022] The L1/L2 control signal processing unit 308
demodulates a lower-layer control signal related to the
physical layer and extracts information such as radio re-
source allocation information, higher-layer control infor-
mation, and delivery confirmation information (ACK/
NACK) of a transmitted uplink data signal from the lower-
layer control signal. In this embodiment, the user equip-
ment receives an L1/L2 control signal as needed when
it is in the active mode and receives an L1/L2 control
signal intermittently when it is in the idle mode.

[0023] The RRC processing unit 310 extracts informa-
tion regarding radio resource control (RRC). The RRC
processing unit 310 extracts and generates various in-
formation necessary for processes such as establish-
ment, reestablishment, maintenance, and release of an
RRC connection, allocation of radio resources, manage-
ment of active and idle modes, and mobility management
of connections. For example, when receiving an RRC
release signal indicating release of a connection, the
RRC processing unit 310, in response, generates an
RRC release complete signal. Also, when the location
area (may also be called a tracking area or a routing area)
changes, the RRC processing unit 310 generates a sig-
nal (e.g.,a TAU signal ora RAU signal) requesting update
of the location area.

[0024] The control unit 312 controls other functional
elements of the user equipment based on information
sent from the RRC processing unit 310.

[0025] The measuring unit 314 performs a cell search
in a specified frequency. The specified frequency may
be the same as or different from the frequency used in
the serving cell. In the cell search, the measuring unit
314 measures reception quality of reference signals from
neighboring cells.

[0026] The transmitting unit 316 converts a baseband
transmission signal into a radio transmission signal.
[0027] FIG. 4 is a flowchart showing an exemplary
process according to an embodiment of the present in-
vention. In step S1, a call-end event is detected and re-
lease of a connection is determined. A call-end event is
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detected, for example, when the user indicates an end
of a call (e.g., by pressing an on-hook button) or when a
predetermined period of time passes with no transmis-
sion and reception of data.

[0028] In step S2, a base station eNB sends an RRC
release signal indicating release of the connection to user
equipment UE. In this embodiment, the user equipment
UE, after switching to the idle mode, stands by in a dif-
ferent cell (a cell in the same radio access network but
using a different frequency or a cell in a different radio
access network) that is different from a cell to which the
user equipment UE has been connected while it is in the
active mode. Information regarding the different frequen-
cy or the different radio access network used during the
idle mode is included in the RRC release signal as redi-
rection information. The redirection information also in-
cludes preliminary intermittent reception information
(DRX information) regarding preliminary intermittent re-
ception to be performed in the serving cell. The prelimi-
nary intermittent reception information may include one
or more of intermittent reception timings, an intermittent
reception interval, and the maximum duration or the max-
imum number of times of intermittent reception.

[0029] In step S3, the user equipment UE switches to
an operation mode where it receives a control signal in-
termittently according to the preliminary intermittent re-
ception information.

[0030] In steps S4, the user equipment UE, for exam-
ple, receives a control signal (e.g., L1/L2 control signal
or paging signal) at intervals of 20 ms and demodulates
the control signal.

[0031] In steps S5, the user equipment UE performs
a cell search according to the redirection information be-
tween the intermittent reception timings of the control sig-
nal. In the cell search, the user equipment UE searches
for a cell belonging to the current radio access network
but using a different frequency or a cell belonging to a
different radio access network. The redirection informa-
tion indicates a cell to be searched for by the user equip-
ment UE. In the example shown in FIG. 4, the user equip-
ment UE belongs to a 3G-RAT system (of this embodi-
ment) in the active mode and migrates to a 2G-RAT sys-
tem (GSM system) when it goes into the idle mode. Al-
thoughthe GSM (2G-RAT) systemis used as an example
of a destination system in FIG. 4, the destination system
may employ any other radio access technology. In steps
S5 of this exemplary process, the user equipment UE
searches the GSM system and selects a cell that is most
suitable as the destination. As shown in FIG. 4, the cell
search may be performed repeatedly between the inter-
mittent reception timings in a different frequency or in a
different radio access network.

[0032] In step S6, the user equipment UE sends an
RRC release complete signal for releasing the connec-
tion to the base station eNB in response to the RRC re-
lease signal. The RRC release complete signal may be
sent when the cell search in steps S5 is completed or
when a predetermined DRX duration (e.g., 200 ms) pass-



7 EP 2 088 794 A1 8

es. During a period before step S6, particularly during a
period when the preliminary intermittent reception is per-
formed, the user equipment UE is still connected to the
same cell as in the active mode. Therefore, if there is an
incoming call for the user equipment UE during the pre-
liminary intermittent reception, it is possible to report the
presence of the incoming call to the user equipment UE
using a control signal (such as a paging signal) that is
received intermittently. Although not shown in FIG. 4, if
an incoming call is detected, the connection is reestab-
lished.

[0033] In step S7, the user equipment UE receives a
broadcast signal from the cell in the GSM system found
in the cell search and starts a process necessary to wait
for an incoming call. For example, the user equipment
UE obtains identification information indicating a location
area to which the cell found in the cell search belongs
from the broadcast signal and sends a location area up-
date request (S7). The location area update request is
represented, for example, by a routing area update
(RAU) message or a tracking area update (TAU) mes-
sage. In response to the RAU message, the cell of the
GSM system updates the location area of the user equip-
ment UE (S8). If the base station eNB sending the RRC
release signal has already known the identification infor-
mation of the location area to be reported in step S7, the
identification information may also be included in the
RRC release signal. This enables the user equipment
UE to quickly report the identification information to the
base station GSM-eNB.

[0034] In step S9, the user equipment UE enters the
idle mode in the selected cell that is different from the
cell to which the user equipment UE is connected during
the active mode and monitors a paging signal at inter-
mittent reception timings. The intermittent reception in
step S9 is performed in a normal standby mode and the
intermittent reception interval may be as long as 1000
ms (1 sec). Meanwhile, the preliminary intermittent re-
ception described above is performed to wait for an in-
coming call while searching for a destination cell. There-
fore, parameters for the preliminary intermittent reception
such as the intermittent reception interval and the max-
imum duration are determined such that a cell search in
a different frequency or a different radio access network
can be performed.

[0035] Thus, in this embodiment, the user equipment
UE is still connected to the same serving cell as in the
active mode while the preliminary intermittent reception
is performed, but stands by in a cell found by the cell
search after sending the RRC release complete signal
(in S6). Unlike the related-art method (FIG. 2), this con-
figuration makes it possible to substantially eliminate time
during which user equipment is not able to receive in-
coming call notification.

<SECOND EMBODIMENT>

[0036] In the first embodiment, an RRC release signal
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includes redirection information and the redirection infor-
mation includes preliminary intermittent reception infor-
mation and information on a cell to be searched for in a
cell search. However, the redirection information is not
necessarily included in the RRC release signal. For ex-
ample, the redirection information may be sent to user
equipment as broadcast information.

[0037] FIG. 5 shows two cells belonging to the same
or different types of radio access networks that coexist
in the same area. One of the cells is called a main cell
and the other is called a sub cell. Here, it is assumed that
all control signals such as a broadcast signal and a pag-
ing signal are transmitted as necessary in the main cell,
and no paging signal is transmitted in the sub cell. A
frequency fy, used in the main cell is different from a fre-
quency fg used in the sub cell. Based on these assump-
tions, the main cell can accommodate both user equip-
ment in the active mode and user equipment in the idle
mode, but the sub cell can accommodate only user equip-
mentin the active mode. Therefore, when the connection
of user equipment in the sub cell is released, the user
equipment has to enter the idle mode in the main cell. In
this case, information indicating that the main cell is the
destination cell where user equipment is to enter the idle
mode has to be shared by all user equipment. Therefore,
instead of sending the information via the RRC release
signal to respective user equipment, it is preferable to
broadcast the information via a broadcast signal.
[0038] The present invention is not limited to the spe-
cifically disclosed embodiments, and variations and mod-
ifications may be made without departing from the scope
of the present invention. Although specific values are
used in the above descriptions to facilitate the under-
standing of the present invention, the values are just ex-
amples and different values may also be used unless
otherwise mentioned. The distinctions between the em-
bodiments are not essential for the present invention,
and the embodiments may be used individually orin com-
bination. Although a functional block diagram is used to
describe user equipment in the above embodiments, the
user equipment may be implemented by hardware, soft-
ware, or a combination of them.

[0039] The presentinternational application claims pri-
ority from Japanese Patent Application No. 2006-297052
filed on October 31, 2006, the entire contents of which
are hereby incorporated herein by reference.

Claims

1. A user equipment configured to perform intermittent
reception in a different frequency from a frequency
of a serving cell belonging to a current radio access
network or in a different radio access network from
the current radio access network, the user equip-
ment comprising:

a receiving unit configured to receive and de-
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modulate a control signal; and

a cell search unit configured to perform a cell
search in a specified frequency,

wherein when a release signal indicating re-
lease of a connection in the current radio access
network is received, the user equipment is con-
figured

to switch to a preliminary intermittent reception
mode where the receiving unit intermittently re-
ceives the control signal in the serving cell and
the cell search unit performs the cell search in
the different frequency or the different radio ac-
cess network between intermittent reception
timings; and then

to switch to an intermittent reception mode
where the receiving unit intermittently receives
the control signal in the different frequency or
the different radio access network.

The user equipment as claimed in claim 1, wherein
the release signal includes at least one of timing in-
formation indicating the intermittent reception tim-
ings in the preliminary intermittent reception mode,
duration information indicating duration of the pre-
liminary intermittent reception mode, and number-
of-times information indicating a number of times the
control signal is to be received intermittently.

The user equipment as claimed in claim 1, wherein
the release signal includes frequency information in-
dicating the different frequency or standby informa-
tion necessary for the user equipment to stand by in
the different radio access network.

The user equipment as claimed in claim 1, wherein
the release signal includes identification information
of alocation area of a cell using the different frequen-
cy or of a cell in the different radio access network
where the user equipment is to stand by.

The user equipment as claimed in claim 1, wherein
frequency information indicating the different fre-
quency or standby information necessary for the us-
er equipment to stand by in the different radio access
network is included in broadcast information from
the serving cell.

The user equipment as claimed in claim 1, wherein
the user equipment is configured to switch to the
intermittent reception mode where the receiving unit
intermittently receives the control signal in the differ-
ent frequency or the different radio access network
if the preliminary intermittent reception mode contin-
ues longer than a predetermined period of time.

The user equipment as claimed in claim 1, wherein
an intermittent reception interval in the preliminary
intermittent reception mode is shorter than an inter-
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mittent reception interval in the intermittent reception
mode.

A method used in a user equipment in a mobile com-
munication system, comprising the steps of:

receiving a release signal indicating release of
a connection in a current radio access network;
switching to a preliminary intermittent reception
mode for intermittently receiving a control signal
in a serving cell belonging to the current radio
access network;

performing a cell search between intermittent re-
ception timings in a different frequency from a
frequency of the serving cell orin a different radio
access network from the current radio access
network; and

switching to an intermittent reception mode for
intermittently receiving the control signal in the
different frequency or the different radio access
network.
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